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Abstract In this paper we utilise the Krori-Barua ansatz
to model compact stars within the framework of Einstein-
Gauss-Bonnet (EGB) gravity. The thrust of our investigation
is to carry out a comparative analysis of the physical prop-
erties of our models in EGB and classical general relativity
theory.
1 Introduction
Modeling stars within the framework of Einstein theory of
gravity has occupied researchers for a century. The first ex-
act solution of the Einstein field equations was obtained by
Schwarzschild in 1916. This solution describes the exterior
vacuum spacetime of a spherically symmetric body. In the
same year, Schwarzschild presented the interior solution de-
scribing the gravitational behaviour of a uniform density
sphere. Since then, hundreds of exact solutions of the classi-
cal field equations describing static fluid spheres have been
obtained in which the energy-momentum tensor describing
the matter distribution incorporated anisotropy, bulk viscos-
ity, electromagnetic field, scalar field, dark energy as well as
the cosmological constant. Various techniques ranging from
adhoc assumptions of the gravitational potentials, specify-
ing an equation of state, spacetime symmetry, conformal
flatness, to name a few, have been employed to solve the
field equations. A systematic study of the physical viabil-
ity of these solutions have been carried out by Delgaty and
Lake [1] who showed that only a few class of available so-
lutions are capable of describing realistic stellar configu-
rations. Many of these results have later been extended to
higher dimensions as well. Interestingly, the dimensionality
of spacetime apparently influence the stability of these fluid
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spheres. With astronomical observations of compact objects
becoming more precise and data sets of neutron stars and
strange stars being readily available, a new and invigorated
search for exact solutions of the 4-D Einstein field equations
are being carried out. In the recent past, there has been an ex-
plosion of such solutions describing compact objects which
adequately fit observations. Observational data on mass-to-
radius ratio, redshift and luminosity profiles are some of the
key characteristics for testing the physical validity of these
models. One of the objectives of these models is to fine-tune
the equation of state in the high density regime. Apart from
classical barotropic equation of state p = αρ , many mod-
els are being developed based on our current understanding
of particle physics. The MIT bag model first proposed by
Chodos et al [2] has been widely used in modeling ‘strange
stars’ composed of u, d and s quarks. The Chaplygin equa-
tion of state [3] incorporating dark energy into the stellar
fluid configuration has been employed to model compact
objects ranging from quark stars through to neutron stars.
While these models are successful in accounting for ob-
servational data of compact objects, one cannot ignore the
fact that gravitational behaviour (metric functions) and ther-
modynamical behaviour (energy-momentum tensor) can be
tweaked by hand to align them with observations. Therefore,
the fundamental question to be asked is: whether classical
general relativity is sufficient to account for observed stellar
characteristics. In other words, can certain, if not all, stellar
features reside in higher order theories of gravity?
The behaviour and dynamics of the gravitational field
can be extended to higher dimensions in a natural way. An
elegant and fruitful generalization of classical general rela-
tivity is the so-called Einstein-Gauss-Bonnet (EGB) gravity
which arises from the incorporation of an additional term
to the standard Einstein-Hilbert action, which is quadratic
in the Riemann tensor. Varying this additional term with re-
spect to the metric tensor only produces a system of second
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2order equations which are compatible with classical general
relativity. In standard 4-D, EGB and Einstein gravity are in-
distinguishable. The departure from the standard 4-D Ein-
stein gravity occurs in higher dimensions. There have been
many interesting results in the 5-D EGB theory ranging from
the vacuum exterior solution due to Boulware and Deser [4]
through to generalization of the Kerr-Schild vacuum solu-
tion. The dynamics of gravitational collapse and the result-
ing end-states in EGB gravity has also received widespread
attention. The study of a spherically symmetric inhomoge-
neous dust (as well as null dust) in EGB gravity with α > 0
was shown to alter the causal structure of the singularities
compared to the standard 5-D general relativistic case. The
result is, in fact, a counter example of the cosmic censor-
ship conjecture. The study of Vaidya radiating black-holes
in EGB gravity has revealed that the location of the hori-
zons is changed as compared to the standard 4-D gravity.
The universality of Schwarzschild’s uniform density solu-
tion was established using EGB gravity and later extended to
Lovelock gravity. The Buchdahl inequality for static spheres
has been extended to 5-D EGB gravity. It was shown that the
sign of the Einstein-Gauss-Bonnet coupling constant plays a
crucial role on the mass-to-radius ratio. An interesting out-
come of the investigation was that one could pack in more
mass in 5-D EGB compared to standard 4-D Einstein grav-
ity to achieve stability. Despite the non-linearity of the field
equations, several exact solutions in 5-D EGB gravity have
recently been found. The classic isothermal sphere has been
generalized to 5-D EGB gravity. Just as in the 4-D case,
the 5-D EGB models exhibit a linear barotropic equation of
state.
In 4-D gravity, one of the exact solutions which has got
much attention is the Krori and Barua [5] solution. It is a
solution of the Einstein-Maxwell system describing a spher-
ically symmetric charged fluid sphere. The gravitational po-
tentials are finite everywhere within the stellar distribution
and the matter variables are well-behaved [7]. Consequently,
the Krori-Barua (KB) solution has been used by many to
model compact objects within the framework of Einstein’s
gravity. Several researchers have utilized various equations
of state, ranging from the MIT bag model through to the gen-
eralized Chaplygin gas together with the KB ansatz to model
compact stars such asHerX−1, 4U1820−30, SAXJ1808.4−
3658, 4U1728−34, PSR0943+10 and RXJ185635−3754
[6, 8–10]. In this work, we intend to extend the KB solution
to 5-D EGB gravity. The motivation for this modification is
to analyze the effects, if any, of the EGB term on stability,
compactness and other physical features of compact stellar
objects.
2 Einstein-Gauss-Bonnet Gravity
The Gauss-Bonnet action in five dimensions is written as
S=
∫ √−g[1
2
(R−2Λ +αLGB)
]
d5x+Smatter, (1)
where α is the Gauss-Bonnet coupling constant. The strength
of the action LGB lies in the fact that despite the Lagrangian
being quadratic in the Ricci tensor, Ricci scalar and the Rie-
mann tensor, the equations of motion turn out to be second
order quasi-linear which are compatible with the standard
Einstein formalism of gravity. The Gauss-Bonnet term is of
no consequence for n≤ 4 but is generally nonzero for n≥ 5.
The EGB field equations may be written as
Gab+αHab = Tab, (2)
with metric signature (−++++) where Gab is the Ein-
stein tensor. The coupling constant α is related to the inverse
string tension arising from the low energy effective action of
string theory and to this end we consider α ≥ 0. The Lanc-
zos tensor is given by
Hab = 2
(
RRab−2RacRcb−2RcdRacbd+Rcdea Rbcde
)
−1
2
gabLGB, (3)
where the Lovelock term has the form
LGB = R2+RabcdRabcd−4RcdRcd . (4)
In the above formalism we use geometric units with the cou-
pling constant κ set to unity.
3 Field equations
The 5-dimensional line element for a static spherically sym-
metric spacetime has the standard form
ds2 = −e2ν(r)dt2+ e2λ (r)dr2+ r2(dθ 2+ sin2 θdφ 2
+sin2 θ sin2 φ 2dψ), (5)
in coordinates (xi = t,r,θ ,φ ,ψ). By considering the comov-
ing fluid velocity as ua = e−νδ a0 , the EGB field equation (2)
yields the following set of independent equations
ρ =
3
e4λ r3
(
4αλ ′+ re2λ − re4λ − r2e2λλ ′−4αe2λλ ′
)
,(6)
pr =
3
e4λ r3
[
−re4λ +(r2ν ′+ r+4αν ′)e2λ −4αν ′
]
, (7)
pt =
1
e4λ r2
(
−e4λ −4αν ′′+12αν ′λ ′−4α(ν ′)2
)
+
1
e2λ r2
(
1− r2ν ′λ ′+2rν ′−2rλ ′+ r2(ν ′)2)
+
1
e2λ r2
(
r2ν ′′−4αν ′λ ′+4α(ν ′)2+4αν ′′) , (8)
where ρ , pr and pt respectively denote the matter density,
radial and transverse pressure of the fluid. Note that a ′ de-
notes the differentiation with respect to the radial coordinate
r.
34 A particular solution
Note that equations (6)-(8) correspond to a system of three
linearly independent equations with five unknowns, namely
ρ , pr, pt , λ and ν . To analyze behaviour of the physical
parameters, we assume that the metric potentials are given
by the Krori and Barua [5] solution
2λ (r) = Ar2,2ν(r) = Br2+C
where A, B and C are undetermined constants which can be
obtained from the matching conditions.
Consequently, the matter density and the two pressures
are obtained as
ρ =
3e−2Ar2
r2
[
−4Aα+ e2Ar2 + eAr2 (4Aα+Ar2−1)] , (9)
pr =
3e−2Ar2
r2
[
−4αB− e2Ar2 + eAr2 (1+4αB+Br2)] ,(10)
pt =
e−2Ar2
r2
[
−e−2Ar2 −4αB{1+(B−3A)r2}]
+
e−Ar2
r2
[
1+4αB+{B(3+4αB)−2A(1+2αB)}r2
+B(B−A)r4] . (11)
The anisotropy ∆ = pt − pr is obtained as
∆ =
e−2Ar2
r2
[
2e2Ar
2
+4αB
{
2+(3A−B)r2}]
−e
−Ar2
r2
[
2+2Ar2+(A−B)Br4
+4αB
{
2+(A−B)r2}] . (12)
5 Exterior spacetime and matching conditions
The static exterior spacetime in 5-D is described by the Einstein-
Gauss-Bonnet-Schwarzschild solution[4]
ds2 = −F(r)dt2+[F(r)]−1dr2+ r2 (dθ 2+ sin2 θdφ 2
+sin2 θ sin2 φdψ
)
, (13)
where,
F(r) = 1+
r2
4α
(
1−
√
1+
8αM
r4
)
. (14)
In (14) M is associated with the gravitational mass of the
hypersphere.
Using continuity of the metric functions and their deriva-
tives, namely grr, gtt and
∂gtt
∂ r across the boundary r = R we
get,
e−AR
2
= 1+
R2
4α
(
1−
√
1+
8αM
R4
)
,
eBR
2+C = 1+
R2
4α
(
1−
√
1+
8αM
R4
)
,
2BeBR
2+C =− 1
2α
1−
√
1+ 8αMR4√
1+ 8αMR4
.
Solving the above set of equations we get,
A=− 1
R2
ln
[
1+
R2
4α
(
1−
√
1+
8αR
R4
)]
, (15)
B=− 1
4α
1−
√
1+ 8αMR4√
1+ 8αMR4
1
1+ R
2
4α
(
1−
√
1+ 8αRR4
) , (16)
C = ln
[
1+
R2
4α
(
1−
√
1+
8αR
R4
)]
−BR2. (17)
6 Physical features
Physical features of our model are outlined below:
1. For a physically acceptable model, the energy density ρ
and two pressures pr and pt should be positive inside
the star. Also, the radial pressure must vanish at a finite
radial distance while the tangential pressure pt need not
vanish at the boundary.
In our model, we note that for specific choices of the
model parameters (we have assumed A = 0.006, B =
0.008 and α = 0, 1.5), the density and two pressures re-
main positive throughout the stellar interior (see Fig. 1,
Fig. 2 and Fig. 3 ). Most interestingly, the radial pressure
pr vanishes at a greater radial distance (10 km) in EGB
gravity as compared to GTR (9.58 km).
2. Fig. 4 shows that anisotropy is zero at the centre, i.e.,
∆(r = 0) = 0 and it increase towards the surface. In-
terestingly, the higher dimensional correctional term has
very little or no effect on the anisotropic stress as can be
seen in the plot.
3. From Eqs. (9) and (10), we have
dρ
dr
= −3e
−2Ar2
4pir3
[
eAr
2 (
4A2r2α+A2r4−Ar2+4Aα−1)
−4Aα(1+2Ar2)+ e2Ar2
]
, (18)
dpr
dr
= −3e
−2Ar2
4pir3
[
eAr
2 (
Ar2+4Ar2αB+ABr4+1+4αB
)
−4αB(1+2Ar2)− e2Ar2
]
. (19)
The radial variation of density and pressure have been
shown in Fig. 5and Fig. 6respectively. which clearly shows
that dprdr < 0 and
dρ
dr < 0, both in EGB gravity and in
GTR.
4Fig. 1 Matter density ρ plotted against the radial distance r where the
(red) solid line and the dashed line correspond to EGB gravity and
GTR, respectively. We have considered two cases: (i) A = 0.006, B =
0.008 and α = 1.5 (EGB gravity) and (ii) A = 0.006, B = 0.008 and
α = 0 (GTR).
Fig. 2 Radial pressure pr plotted against against the radial distance r
by taking the same values of the constants mentioned in fig.1
Fig. 3 Transverse pressure pt plotted against against the radial distance
r by taking the same values of the constants mentioned in fig.1
Fig. 4 Anisotropic factor ∆ plotted against against the radial distance
r by taking the same values of the constants mentioned in fig.1
Fig. 5 The derivative of the matter density ρ plotted against against the
radial distance r by taking the same values of the constants mentioned
in fig.1
Fig. 6 The derivative of radial pressure pr plotted against against the
radial distance r by taking the same values of the constants mentioned
in fig.1
54. Fig. 7 shows that the ratio of trace of stress tensor to
energy density (pr+2pt)/ρ decreases radially outward
both in EGB gravity as in GTR which is a desirable fea-
ture for a fluid sphere.
Fig. 7 pr+2ptρ plotted against radial distance r Radial pressure by tak-
ing the same values of the constants mentioned in fig.1
5. For a physically acceptable model, it is expected that
the radial sound speed v2sr(=
dpr
dρ ) and transverse sound
speed v2st(=
dpt
dρ ) should be causal, i.e., we should have
0 < v2sr ≤ 1 and 0 < vst ≤ 1. We have shown graphically
that both in EGB gravity and GTR, the causality condi-
tion is not violated at any point within the stellar interior
(see Fig. 8 and Fig. 9). It is evident that in EGB gravity,
both the sound speeds take a higher value as compared
to its GTR counterpart.
Fig. 8 Radial sound velocity v2sr plotted against against the radial dis-
tance r by taking the same values of the constants mentioned in fig.1
Fig. 9 Transverse sound velocity v2st plotted against against the radial
distance r by taking the same values of the constants mentioned in fig.1
6.1 Stability
To check stability of the configuration, we follow the crack-
ing (or overturning) method of Herrera[11] which suggests
that a potentially stable region is one where the inequality
v2st−v2sr < 0 holds. In Fig. 10, we have shown the difference
of v2st − v2sr do not change sign which clearly indicates that
the configuration is stable for the assumed set of values.
Fig. 10 v2st − v2sr plotted against against the radial distance r by taking
the same values of the constants mentioned in fig.1
6.2 Energy Conditions
Let us now check whether our anisotropic stellar model sat-
isfies the following energy conditions:
(i) NEC : ρ ≥ 0. (20)
(ii)WEC : ρ− pr ≥ 0, ρ− pt ≥ 0. (21)
(iii) SEC : ρ− pr−2pt ≥ 0. (22)
6Fig. 11 |v2st−v2sr| plotted against against the radial distance r by taking
the same values of the constants mentioned in fig.1
In Fig. (12-14), we have shown graphically that all the en-
ergy conditions are satisfied for the assumed set of values of
the model parameters.
Fig. 12 WECr plotted against radial distance r.
6.3 Adiabatic index
It has been proposed by Heintzmann and Hillebrandt [13]
that a neutron star with an anisotropic equation of state would
be stable if the adiabatic index Γ > 4/3. We have evaluated
the values of the adiabatic index
Γ =
ρ+ pr
pr
dpr
dρ
, (23)
both in GTR as well as in EGB gravity. In Fig. 15, it has been
shown that Γ > 4/3 everywhere within the stellar interior in
GRT and in EGB gravity.
Fig. 13 WECt plotted against radial distance r.
Fig. 14 Verification of strong energy condition.
Fig. 15 The adiabatic index Γ plotted against r.
77 Discussion
Gravitational theories with higher derivative curvature terms
developed in the context of string theory in particular, have
long been an area of great research attraction. Studies of
gravitational behaviour in dimensions n> 4 have often been
found to yield many non-trivial and interesting results. Of
particular interest is the Einstein-Gauss-Bonnet gravity in
which the Lagrangian includes a second-order Lovelock term
as the higher curvature correction to GTR. Several vacuum
solutions in 5-dimensional Einstein-Gauss-Bonnet gravity
have been found and applied in astrophysics and cosmol-
ogy. However, it is extremely difficult to generate interior
solutions corresponding to star like systems in higher di-
mensions due to complex nature of the field equations and
lack of sufficient information about the equation of state
(EOS) of the matter content of the system. In this paper,
rather than providing new solutions, we have developed the
4-dimensional Krori and Barua stellar solution in the con-
text of EGB gravity and analyzed the impacts of the higher
derivative correction term on the gross physical behaviour of
a relativistic star. Based on physical requirements, bounds
on the model parameters have been identified. Within the
admissible bounds, for a particular set of values of model
parameters, physical characteristics of the developed stel-
lar configuration in EGB gravity have been analyzed in de-
tails. In Fig. 1 - 15, graphical representation of various phys-
ically meaningful parameters has permitted us to investigate
the higher derivative coupling term α . It is to be noted that
α = 0 case corresponds to 5-dimensional Einstein analogue
of EGB gravity. It turns out that the coupling constant α
in EGB gravity has non-negligible effects on the physical
quantities such as energy-density and pressure of the star.
To illustrate this, we have plugged in G and c in appropriate
places and determined the central density and pressure. In
EGB gravity, the central density and pressure are obtained
as 1.969×1015 gm cm−3 and 3.318×1035 dyne cm−2 , re-
spectively. In its 5-dimensional Einstein analogue the corre-
sponding quantities take values 1.934×1015 gm cm−3 and
2.9× 1035 dyne cm−2, respectively. The higher curvature
correction term apparently can accommodate more mass within
a volume element. Most interestingly, the radius seems to
increase marginally in EGB gravity as compared to its 5-
dimensional Einstein gravity.
To conclude, though many features like stability, causal-
ity and energy conditions remain unaffected, incorporation
of a positive higher derivative term α appears to have non-
negligible effect on the mass and radius of a star which pro-
vides an alternative mechanism to explain the compactness
of a large class of observed pulsars.
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